Here we provide an overview on the different AOM enrichment cultures including their origin, the respective acknowledged scientific expeditions and applied basic cultivation conditions (Supplementary Table 1 ). Supplementary Fig. 1 provides an overview on the development of methane-dependent sulfide production rates and the resulting activity doubling times of the two Guaymas Basin AOM enrichment cultures. Supplementary Fig. 2 displays the phylogenetic affiliation and relative sequence abundance of archaeal and bacterial clades identified in all 10 studied AOM enrichment cultures. Supplementarty Table 2 shows the relative sequence abundance of specific known methanotrophic (ANME) and methanogenic archaea, and of known AOM partner bacteria and of sulfur-disproportinating bacteria identified in the sediment-free long-term AOM enrichments.
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Our results show that long-term, sediment-free AOM enrichments are dominted by typical AOM organisms (ANME clades and their partner bacteria). However all enrichments still harbor a large diversity of different archaea (i.e. Thermoplasmatales or MBGD) and bacteria (i.e. Anaerolinaceae, Cladithrix or relatives of the Candidate divisions JS1, OD1 and OP11). The function of these minor communty members is so far unknown, however they are most likely heterotrophs feeding on exudates of AOM. Nearly all studied cultures contain sequences of methylotrophic methanogens and disproportionating bacteria. These organisms are rare during AOM conditions (<<1%). However, when cultures are supplying with specific substrates for methanogens (i.e. methanol, methylamine) or disproportionationg bacteria (i.e. colloidal sulfur), these groups can be rapidly enriched. Next to ANME and their partner bacteria, AOM enrichment cultures cultivated on methane and sulfate for many years still contain a large number of other microorganisms with yet unknown function.
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